A prospective study involving all casualty departments in Trent Region and 81% of the major eye units in UK was performed to determine ocular morbidity from the use of fireworks during 1986. A serious injury was defined as involving admission to hospital and/or intraocular damage. Of all the injuries from fireworks, 16.7% seen at major eye units were serious and were caused by rockets or exploding fireworks (P< 0.001). Only 53% of all injuries and 12.5% of serious injuries involved children, and in contrast to the 1950s and early 1960s, young adults appear at greatest risk in the 1980s. Legislation to reduce ocular morbidity should concentrate on restricting the use of rockets and exploding fireworks and encouraging the use of suitable eye protection.
Introduction
Fireworks were a prominent cause of serious ocular injury in the 1950s and 1960s with one study reporting an incidence of 15% of all serious eye injuries to children. Since then fireworks have received little attention in the British literature as a cause of ocular morbidity. Every year the Department of Trade and Industry (DTl) survey all hospitals with casualty departments and correlates details of injuries from fireworks. These official surveys reveal ocular injuries from fireworks to have remained relatively stable at 295±50 per annum over the last 10 years (personal communication (rom the Department of Trade and Industry consumer unit). Full details ofeach individual eye injury are not recorded and these figures include many minor injuries to the ocular adnexa. Therefore, an accurate assessment of true ocular morbidity cannot be made from these figures alone.
In the USA during the last few years, there has been much concern over the increasing trend in fireworkrelated injuries during the 4th July celebrations. In 1975, a bill banning the commercial sale of fireworks in all states failed to pass through Congress and since then firework injuries have progressively increased from 4700 in 1975 to 11400 in 1981 2 • This has prompted the American Academy of Ophthalmology to commission a nationwide survey, the results of which have yet to be published", To identify patterns of injury and morbidity levels in the UK from firework related eye injuries, a largescale prospective study was carried out between 30 October and 12 November 1986, in the 2 weeks when most firework injuries traditionally occur.
Materials and methods
All hospitals with a 24 hour casualty department in the Trent region and 28 major eye centres in the UK were recruited to take part in the study.
Detailed questionnaires recorded demographic information and the nature and circumstances of each ocular injury resulting from fireworks during the study period. The doctor completing the form was asked to grade the severity of the injury as well as recording accurate details of ocular damage sustained.
Injuries were graded as: (a) severe with permanent visual loss; (b) moderate, with some permanent damage but good vision; (c) mild, with no residual damage or visual loss. These grades are identical to those employed in the American project/', allowing future comparisons.
In addition, injuries were graded as 'serious' if: (a) the patient required admission to hospital for treatment and (b) signs of intraocular damage were present. (Table 1 ) Trent region has a mixed urban and rural population of approximately 4.5 million and is served by 3 major eye and 13 24 hour general casualty units.
Results

Injuries in Trent region
A total of 18 patients received ocular injuries during the study. There were 9 injuries to the right eye and 6 to the left, with 3 patients receiving injuries to both eyes. This represents an incidence of2.5 eye injuries per million population during this 2 week period.
All injuries were mild, with no residual damage or visual loss and none fell into the 'serious' category. Nine of the 18 injuries were from the 3 major eye units within the region.
There were 14 males and 4 females injured. Fortyfour per cent of the injured were children (aged one to 15), 28% were young adults (aged 15-30) and 28% older adults (aged over 30). Twenty-two per cent of the injured were lighting fireworks and 61% were bystanders, whilst in 17% of cases, these details were not recorded on the questionnaire.
Fifty per cent of patients were injured at organized displays, 33% at small group or family displays, 6% were unsupervised children and in 11%, these details were not recorded.
Only 28% required a second visit to the casualty centre for a check-up, 83% of the injuries being limited to the lids or conjunctiva, the remaining 17% being superficial corneal lesions.
Twenty-five major eye units elsewhere in the UK
A major eye unit is defined, for the purposes of this study, as being an ophthalmic unit with at least one senior registrar on the staff. These 25 units constitute 81% of the major eye units in England, Scotland and Wales outside Trent region. (Fireworks have been illegal in Northern Ireland since 1969.)
Over the 2 week period of the study these units saw a total of 39 patients. There were equal numbers of 0141-0768/88/ 100569·031$02.00/0 © 1988 The Royal Society of Medicine injuries to the right and left eyes (18), and 3 patients suffered injury to both eyes. Twenty-seven males and 12 females were injured. Forty-four per cent of the injuries occurred in children, 38% in young adults and 18% in older adults.
Thirty-six per cent of the patients were lighting fireworks, 49% were bystanders and in 15% of the cases these details were not recorded.
Twenty-one per cent of the injuries were at organized displays, 51% at small group or family displays, 13% occurred in unsupervised children and in 15%, these details were not recorded. Of the nonserious injuries 35% required at least one further visit to the eye centre. The fireworks responsible for these injuries are shown in Table 2 .
Twenty-five per cent ofthe injuries were limited to the lids or conjunctiva, 55% were mild superficial corneal lesions and 20% (8) were classified as serious by the criteria above (see Table 3 ).
Excluding injuries where the firework type was unspecified, the results indicate that rockets and exploding fireworks feature significantly more frequently in 'serious' injuries than expected, considering their incidence in non-serious injury (P<O.OOI).
None of the 57 patients injured in this study were wearing spectacles or protective glasses.
Discussion
The DTI classifies a firework injury as 'serious' if'(a) the patient is detained in hospital for more than one night or (b) the injury is sufficient to cause absence from work. During the 1986 DTI survey over a 4 week period, 85 ofthe 291 ocular injuries (29%)fell into one or both of the above categories.
Our study included details of all firework injuries from 82% of the major eye units in the UK. Major eye units may see more severe injuries, even so, only 8 of the 48 injuries (16.7%) seen in these centres were serious as determined by our criteria.
The incidence of 'serious' injury, therefore, clearly depends on how 'serious' is defined. A method which documents details of ocular injuries, as in this study, is likely to be of greater value than 'raw' data when planning future strategies in trauma prevention.
In both studies 53% of all injuries occurred in children, a similar incidence having been reported in the United States", However, there appears to have been a change in the pattern of serious eye injuries from fireworks in the UK. In the 1960s most of the Table 3 ). Despite the increase in popularity of large organized displays 75% ofthe serious injuries occurred at small group or family displays. Males have always been more vulnerable to ocular trauma at any age l ,6, and in this study are disproportionately represented in the overall injury statistics (72% male, 28% female) and are at much greater risk of serious injury (87.5%male, 12.5% female). Males account for all but 4 of the 18 patients injured as 'participants' and this probably reflects the tendency for males to be more frequently involved in lighting fireworks.
None of the patients were wearing any form of eye protection or even standard spectacles at the time of injury. Eye protection is gaining popularity in sporting circles and has been shown to be effective in reducing ocular injury when introduced on a large scale", Simple spectacles would protect against burns in many cases but for the high velocity injuries from rockets and exploding fireworks, materials such as polycarbonate would be required''.
The incidence of sightthreatening injuries per annum from fireworks has reduced since the 1960s due to a combination oflegislation, public propoganda and social change. There has, however, been no significant change in the total number of injuries over the last ten years. In 1986 the typical patient suffering a serious ocular injury from a firework was a young adult male at a small group display where bangers and rockets were being discharged.
Legislation has been shown to be effective in reducing ocular morbidity in the UK. A recent example of this was the dramatic reduction in ocular injuries from road traffic accidents observed following the introduction in 1983 of the compulsory use offront seat belts in private vehicles", To put firework injuries in perspective, the DTI survey in 1986 revealed there to be 28 firework injuries to the eye in Wessex during the 4 week period studied. In an average year, applying our criteria, 4.7 (16.7%) would be 'serious'. Since the seat belt law, there have been approximately 7 serious eye injuries per annum in Wessex from road traffic accidents'P, Therefore, in the 4 week period surrounding 5 November, when compared with road traffic accidents, fireworks cause an average 7.7 times as many serious ocular injuries. These injuries could probably be significantly reduced with suitable legislation.
It is significant that in our study 33% of all injuries and 100% of those defined as serious were caused by rockets or exploding fireworks (see Table 3 ). When injuries due to an unspecified type of firework are excluded from the DTI survey for 1986, rockets and bangers again cause significantly more 'serious' injuries to the eye than expected by chance (P< 0.001). Rockets have been identified as 'high risk' fireworks in other studies. In Arkansas (USA) 30% of firework injuries to the eye resulted in enucleation or permanent visual loss, and most were caused by rockets!'. This apparently high morbidity rate may be explained by data collection methods biasing towards serious injuries, but the importance of rockets remains. The laws concerning the use of fireworks vary from state to state in the USA but states with firework control laws have 50 times fewer injuries than those without", When Washington State relaxed its control laws in the early 1980s there was a statistically significant increase in firework related injuries the following year, even though rocket sales remained illegaP2.
The World Health Organization has called for a worldwide ban on the manufacture of all fireworks in an effort to reduce visual loss from ocular trauma'". The results of our study concerning serious ocular injury suggest that this aim could be achieved in the UK by imposing a ban on the sale of exploding fireworks and rockets alone, as these types of firework appear responsible for the majority of sight threatening injuries seen during the Bonfire Night celebrations. This measure could be supplemented by propaganda on the use of eye protection for both participants and observers to reduce the incidence of minor injuries from other types of firework.
Limited legislation as outlined above, would allow the continuation of what is an enjoyable spectacle for many people, whilst the efficiency of the measures was observed. Such monitoring must include accurate documentation of all ocular injuries from fireworks to permit minor injuries involving rapid full recovery to be distinguished from serious sight-threatening injuries. The use of carefully constructed data sheets such as those used in our study would achieve this so that future changes in injury patterns could be identified and effective measures taken.
